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CHAPTER ..

EXTERNAL INTERFERENCE

4.1 INTRODUCTION

Microwave teleeommunieations radio relay systems all over the
world have frequencies greater than 1 GHz. Many fad.on IDU8t be eon
sidered in the proper ehoic:e and utilization of the various frequeney
banda. Eicla band has advantaps as well as limitations.

An appropriate aegreption of various bands for various uaen is
useful for optimum frequency utilization. It is aseumed that various
bands will be set uide for similar teleeommunieationa uaen. This is
necessary to allow simplifying I88U1Dptions to be IDIIde regarding
transmit powen. interfering spectrums. and receiver BUBeeptibitity. It
is diflicult to coordinate the use of low- and high-power terrestrial mi
crowave equipment in the same band and geographic region.

Once the teleeommunications banda have been decided upon. a
choice must be ..... as to the use of that band for digital or analog
traf&c and whether that traIftc will be low- (less than 600 channels) or
high...cJensity t.ranami88ion. In genenl. low- and high-capacity .y'"
should not be allowed into the aune band. One system will lOOn.. up
frequencies that are needed by the other. AJJ a matter of princ:iple. it
IDUIt be ........ tbat any given bMd will eventually become faIIJ ex
panded. Band splitting and avoiding certain frequencies are undesira
ble. If two syetema operate in the same band and same geopoapIUeal
area. interferenee is minimized by having them on the same plan.
Tables 4-1 through 4-6 list typical microwave teJTeBtrial and sateUite
t.ransmis8ion banda.

A microwave network that is very dense. with many branching
points and crouinp. can take advantage of a low- to medium-density
frequency plan. A microwave route with few bnnching points is gen
enlly most economical using a high...cJensity plan. The guiding principle
of ehannel assignment planning is to use 88 few frequencies within a
band as is nec:esaary. Thole frequencies are then repeated 88 often as
pouible to retain the maximum growth potential. In this regard.
deaignat.ing two groupe of frequencies within a band for use in a
highJIow pattem iI ealled a 2-frequency plan. Thia is because only two
sets offrequencies are used anywhere on the route. Ifanother two sets
of frequencies are used (eg. main and interleaved together). the fre
quency grouping is called a 4-frequency plan.
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Table 4·1. lTV terreatrial band allocations (l to 25 GHz). Table 4-2. CCIR terrestrial band allocations (cont,).

Center Frequency Band (GDz) Retion 1 Rqion2 Region 3 Center Frequeney Band (GDz) Uee CCIR(GDz) (Europe, Alriea, (North Amerka, (Far Eut, (GDz)
Rec.

USSR, 'lUrUy, South Amerka) AuatraIia) Analog Diaital AnaIoIlIonp1ia) Telephony Televilion

1.8'1& 1.360 - 1.400 • - - 3.8lIO 3.400 • 40200 •· · 8861.481 1.427 - 1.686 • • • 3.960 3.100 - 40200 • • • _-41.6'1. 1.8106- 1.880 • • • 4.0036 3.8086· 402086 • • • 3lJ2.4I•• I.• - 1.700 • - - 6.1'1& 6.926 - 6.426 • • - lI83-a1.1. 1.'100 - 2.• • • • 6.'no 8.430 - 7.110 • • - I8t-t1.1&0 a•• - 8.4100 - • - 7.2'1& 7.126 • 7.426 • - · -.aa.8lIO 3.400 a UIOO • • • 7.400 7.2&0 - 7.&&0 • · - -.a4.'100 4.400 • UOO • • • 7.676 7.426 • 7.'12& • - - ...'1.176 6.8&0 - 8.&00 • • • 7.100 7.&&0 - 7.8&0 • - - -.alUIIi 10.000 a 10.4&0 • - • 8.0lIO 7.72Ii - 8.2'1& • · - saa10.&80 10.&00 - 10.• • • • 8.3&0 8.200 - 8.&00 • - - saa11.800 10.100 - 12.&00 • • • 11.200 10.700 - 11.100 • • • 387-412._ 12.&00 a 12.7&0 - • • 13.0lIO 12.7&0 - 13.2&0 • • • 4t7·213.0lIO 12.7&0 - 13.2&0 • • • 14.876 14.400 - 16.860 •- - 63814.860 14.. - 14.400 • • ,
14.925 14.&00 - 16.3&0- I - • · 83614.100 14.400 - 14.8lIO • • • I 18.100 17.100 -19.700 - • · ..18.'100 n.'100 - 11.100 • • • 22.400 21.200 • 23.800 • • •• • • I 8lI7ZUllO 21.100 -D.• I -

SOURCE: ITIl IWio ........ 18, Volume I, Part A, Chapter III, Article 8,
SOURCE: CCIR Reeommendat.ion (Green Boob), Volume IX-I, 18.

Sectiona I and IV.

I

Table 4-1. CCIR terreIUiaI band allocat..... Table 4-3. USA terreatrial band allocations (l to Zi GHz).

ee.ar .........v Band (GHa) U.. ccaR i Center Frequeney Band (GDz) Uee Noteei (GHa)(GHa) Bee. IAuIoI DiIital ADaIoI Govt. Common Private TelevilionI,......,. TeIe¥iIioIl I Camer Fixed Relayi

• • 181-4 1.740 1.710 a l.m • - - 1I•• 1.'100 - I•• a ·
I•• I•• - 1.1. • • ... I

I.• 1.8&0 - l.ll80 - - • - 8-
• .... 2.146 2.110 - 2.180 - • · II.• 1.'111 - 1.1. • · I -1._

1._- U.1i • • ... 2.186 2.1ao - 2.200 - - • - 8- 2.246 1.• - 2.&001.000 I.• - 2.100 • • - 181-4 · · - • I2.246 2.100- 2.290 •1.101 l.llOI - 1.101 • - • .... I - - · 1
1.2100 2.100 • 2.. • • 28lI-4 2.476 2.4&0 - 2.&00 - · • - I- I

2.696• • 28lI-4
I 2.&00· 2.690 · - - • •I .• 2.&00 - 2.100 - 3.960 8.100 - 4.200 - • - - 2

See IIOUft.e at end of table. I See IOUnle and notM at end of table.
i
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Table 4-3. USA terreatrial band allocationa (1 to 25 GUa) (cont).

Center Frequeney Band (GIb)
(GIb)

•

Govt. Common Priyate Teleyiaion
Carrier Fixed Relay

•

•
•
•

•

•
•
•
•

Dcnm-1inIl

UleCenter Frequency Band (GIb)
(GIb)

Up-Iipk

1.428 1.42'l- 1.429 •
1.680 1.626 - 1.686
2.696 2.600 - 2.680 •
3.800 1.400-40200
UIiO 4.600 - 4.800
6.400 6.726 - 7.076 •
7.600 7.260 - 7.760
8.11iO 7.100- 8.400 •

11.725 10.700 - 12.760 •
18.000 12.760 - 18.• •
14.400 14.000 - 14.800 •
17.600 17._-17." •
17.100 17.700 - 18.100 •
19._ 18.100 - 21._
22.760 22.600 - II.GOO •

SOURCE: ITU a.dio RepIationa, 19l12, Volume I, Put A, Chapter III, Artide 8,
Sed.ioa IV; ad Put B, Chapter VIII, Article rr, N-. _, 2610,
and 2611

COORDINATION: In IICCOI'danee witIIlTU Ibdio RepIatiaM, Put A, CUp&.
IV, Artide 11 (RR11), Seetla.III, IV, ad V; Article 11
(RR1I), .....~_ liE Put B, CIIIp&er VIII; Article rr
(RRZ'I); ArtieIe 18 (RItII), A....,Ii. 18 (APII); .........
'108 (RES'IU8); ad~'m708 (REC108).

Table 4.... ITU satellite band allocatio... (I to 25 GUa).

Table 4-5. CCIR _tellite band allocatio....

1
2

619
3
1
1
1

216
2
7

•4
8
6
2
1

2IlII4M
I
1
8
6

216

•

•
•

•
•
•

•

•

•
•

•

Ule Not.

•

•
•

•

•
•

•
•

•

•

•
•
•

•40400-4.110
6.8- U26
1.626- 8.87&
6.8'16 - 7.1.
7.1J6-UIO
7._- 7.1'1&
8.026 - 8.176

10.660 - 10.•
10.700 - 11.700
11._-12._
12._ - 18.110
12._·18._
11.700 - lUIO
18._-13.110
11._-18.•
14.100-16••
17._-1'._
11••-11._
21._-11.•
21.800 - 11._
11.800-18.•
21.000 - 28.600

4.•
U76
6,'100
7.GOO
7.187&
7.6876
8.100

18.616
11.200
12.4&0
12._
12.110
12.1'1&
13.126
13.126
14••
18...
II.•
11._
11.
11._
11.800

SOURCE: Code f1l Ii' TItle 47 ('l'Ilm_m'o''m), Chapter I
(Ii'...... eo... 'eM (Me , "m), PIN u ..... below (u
_m.deII tIIrauP 0etaIIer I.).

117

SOURCE: CCIR ReconuneIlClatiou (Green Boob), Volume IV/IX-2. 1M
COORDINATION: In KeOI"danee with CCIR Green Boob, Volume IV/IX-I.

RecommeIlllatioM lIli6-8, ..... 367-3.~, -'6, and 668-2.

2.&16 2.600 - 2.680 • •
8.860 3.400 - 8.100 - •
8.110 8.700 - 4._ - •
6.1'16 6.725 - 6.226 •
8.176 6.8 - 6.426 •
7.276 7.260 - 7.800 • •
8.000 7.1'16 - 8.026 • •

11.076 10.960 - 11.000 - •
11.660 11.800 - 11.800 - •
11.676 11.4&0 - 11.700 - •
11.1'16 11.700 - 12.260 - •
14.260 14.000 - 14.600 •
17.400 17.800 - 17.800 •

J

Ule

Up-link Down-Iink

Band (GIb)Center Frequency
(GIb)

NOTE 7: Put 11.10
NOTE 8: Put .Ul
NOTE t: Put .U8

NOTE 4: Put 78.18
NOTE 6: Put .Ul
NOTE 6: Put .U6

II'-

NOTE 1: Put 1.101
NOTE J: Put 11.'1'01
NOTE 8: Put 74••

I,
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Table 4... USA utellite band alloeatiOlll (l to 25 GIb),

SOURCE: Code of Fedenl ........., TItle 47 ('fe'a I I .iclt.), CUpter 1
(F........~Cor'''''), Pu1.a 2.106,21.701,26.•,
26.••.m (tUIe I), lUI, lUI, aDd ".n (u ........ throuth
Oe&ebIr, 1_>-

COORDINATION: Ia ........ with the ... aaurce ............

It II important that ooIy one frequeney plan be eetablilbed for a par
ticular band. Multiple plana within a country make frequency
coordiDation difIcuIt and force frequency utilir.ation to be inefBcient.
U. of a COIR or FCC type plan iI ltroDIIy rec:onunended. 'n-e
......... aft'aItIeIDeIlta have been very carefuDydeveioped to avoid
IIIUlY Iat.en.lIOUftJI8 of interference. In partieuIar, the c:hanDeI .....
inphave been developed to pIKe the molt llipifteant intennodulation
....... euetIy on or euetIy between ehanneJ eenter ftequeneiea.
Reeeiv...... reepOII8. have also been eonIidered. Althouah care
InUIt be exen:iled in UIing any plan (espec:iaJly when UIing a single an
tenna for both tnnImiMion and reeeption), use of nonstandard plans
typic:aUy cause serious intra- and intenyat.em problema. Standard
plana are given in the appendix of this text.

The ehoiee oIa bud iI hued on many Iaeton. Path attenuation be
tween i8ot.ropie ndiaton inc:rea..with ftequeney, 10 at ...... Pnee it

Center Frequenq
(GHa)

2.517&
2...,.
1.1160
4.660
8.17&
,,87&
7.600
8.160

10.07&
11.&7&
11.960
12.460
18.•
14.2IiO
17.660
18.100
18.160
11.160
20.100

Bud (GHa)

2.&00 - 2.5.
2.866 - 2._
3.700- 4.100
40400- 4.100
6.926- ...
6.• · 7."
7.2&0- 7.7&0
UOO-UOO

10.160 • 11.200
11.460 - 11._
11.100 - 12.200
12.200 - 12.700
18.260 - 14.000
14.000 - 14.&00
17.100 - 17.800
18.180 - 1'.1MO
17.700 - 20.200
11.100 - 20.200
20.200 - 21.200

would appear that higher frequencies have a disadvantage. However,
for a given size of antenna, gain inc:reases with frequency. When an
tenna gain at both ends of the path is considered, total path 1088 actu
ally decreases as frequency is inereaaed. This tends to be compenaated
for by additional transmission line 1088, lower transmit power, and in
creased receiver noise figure available at high frequencies. In general,
path 1088 is not a factor in choit:e of band. Frequency of operation is
signiftc:ant in climates where intense ninfall is prevalent. Use of fre
quencies greater than approximately 10 GHz in these climates should
be limited to short paths.

Terrain and site aec:euibility may dictate use of pusive reftec:ton
(ftat billboards). A pusive refteetor is only effective if its linear dimen
sions are large compared to the ndio wavelength. Due to 8ize limita
tions, use of pa88ive reftec:ton at frequencies lower than 4 GHz is
seldom pnetieal. Consideration must be given to beam width of the
passive refteetor ndiation pattern. Large reflecton operated at high
frequencies have narrow beam width.

A narrow beam width places significant mechanical 8tabi1ity
requirements on the support 8tructure to maintain a stable received
signal. Narrow beams are also more 8U8eeptible to anomalous atm0s
pheric: propagation effeet8. At frequencies above about 10 GHz, manu
facturing and installation tolerance limitations sometimes fOfte the use
of interference grating (window blind) refteetors (beam benders)
rather than ftat (billboard) refteeton. Passive refteetora genenlly have
much wone sidelobe radiation patterns than parabolic: or hom anten
nas. As wiD be shown in chapter 9, sidelobe perfonnanee in a given
plane can be improved by rotating the rectangular reftector. If the
sites are above or below and to the side of the passive reftec:tor, the p0

larization of the re8eeted signal wiD be rotated. The orthogonality of
CI'088-polarized signals will be maintained. Both are merely rotated
c:Ioc:kwise or counterclockwise.

The transmit or receive antenna feed hom can be rotated to
reachieve optimum c:rou-polarization on the path using the passive.
Generally. this cannot be done on other paths in the same area, 8ince
this can signifieantly increase interference to and from other sites due
to lou of polarization discrimination between the paths. The use of
passive refteetors 8houJd be avoided where efficient frequency utiliza
tion is important.

Extemal interference can become a 8ignificant factor in band selec
tion. Air surveillance or weather radar installations tend to have ndia
tion that spills into adjacent frequency bands. Also, bands that are
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hannonieaIly related can have interference. A common offender is ra
dar openting around 1.3 GHz. The third hannonie of this radar can
eauae interference in the "-GHz banel. Many radars have spurious out
puts. WavegUide is a natural high-pass filter; therefore, there is sel
dom aignifteant interference below a radar openting frequency. In no
c:ase ahould a microwave installation be built near or in line with a ra
dar. Ifa microwave installation must terminate at a radar station, the
2-G1k band is least likely to be affed.ed by radan using typical
frequeneiee.

Many tropoepheric seatter installatiMs have very high power trans
mitten. Whele a microwave route inteneeta a tropospheric seatter
link, use of microwave radioe near fundamental or seeond and third
hannonie tropoepheric frequencies ahouId be avoided.

The satellite eommunieation& aerviee Bbarea many terre8trial micr0
wave frequency banda. The moet common interferenc:e euee oec:ur at
4. 6. or 8 GHz. Interference coordination at 8 GIk is usually aecom
plished by avoiding the moet popular 8-G1k eateWte frequencies. Util
ir.atioa 01 tbi8 band is relatively unall. 'I'rantIni8Iion from the satellite
to the earth oceura in the 4-GHz banel. The eateWte is power limited
and the Iignal reeeived at the earth station is extremely unall. For
that ....... ndio relay atationa tranamitting in the direetion of an
earth Itation can eauae considerable interference.

TypieaIIy. in the 4-G1k bud there is a need to coordinate terre&
trW ........ve t..-it powers within 600 Ian over land (800 km
over water) from an earth station. The precise distance depends on
many faetora. ineIudinc the type 01 terrain. the horizon angle at the
earth Itation, the Iatellite position. earth station antenna pattem. and
the particular coordination method (eg. FCC or CCIR). This
coonIination obligation does not mean that it is impouible to use the
4-G1k bud within that range; it jOlt meana that for every oc:cuion
that the 4 GIk is uaed for microwave terrestrial tnnImiuion. the ea1
eulations have to be done to see whether interferenee to the earth sta
tiona exeeeda eet.btiabed valuee.

Earth Itltiona tnDImit to the Iatellite in the 6-G1k band with pow
ers. high. 1 kW, whieh can cauae interference to terreMrial micr0
wave receivers over substantial distances if the earth station
tIUIIDitter Ilhuninatee a common volume oil. terreetrialroute. Since
the interference meehaniam is a phenomenon similar to tropoepherie
statler propagation. the required coordination distance is typically
only about one-third that of the 4-GHz banel. Another consideration of

6 GHz is that terrestrial microwave radio systems can cause interfer
ence to satellites in orbit. This is the ease whenever a radio link trans
mits in a direction that intersects the geostationary orbit. For
low-angle terrestrial paths, consideration must be given to antenna el
evation and atmospheric refractions.

Coordination with satellite stations is accomplished in aec:ordance
with FCC Rules and Regulations, Parts 21.701. 25.204, 25.262. 94.61,
94.63, and 94.77; CCIR Green Books, Volume IV-I. Recommenda
tion 466-1 and Volume IV-2IIX-2. Recommendations ~. 366-4,
357-3, 368-3, 406-6, and 568-1; and ITU Radio Regulations Part A,
Chapter IV, Article II (RRU), Sections III. IV. and V. AJtide 12
(RRI2), SubIed.ion liE, Part B, Chapter VIII, Article 27 (RR27). Ar
ticle 28 (RR28), Appendix 28 (AP28). Resolution 703 (RES703), and
Recommendation 708 (REC708). General perfonnance chanderistiea
of earth stations and satellites can be found in the above documents
and Volume 1 of the INTELSAT Satellite System Operations Guide.

Long-distance terrestrial microwave tranamiaaion typically U8e8

the frequency banda between 1 and 10 GHz. With regard to proplp
tion considerations, the 2-GHz band is quite reliable and rain attenua
tion is inaigniftcant. Due to the relatively large wavelength of the
p~ radio aipIl. signals in this band are less prone to atmoB
pherie multipath. earth buJre blockage. or dueting. Antenna patterM
are relatively broad. making antenna alignment and tower rigidity re
quirements rather lax. On the other hand. the poor antenna discrimi
nation patterns and unall front-to-baek ratios make use of the band
dif8eult for high-eapacity systems. Interference from spur paths and
other users is typically a problem on main routes.

Although the high-density 2-GHz band plana have six duplex fre
quencies, poor antenna front-to-back ratios often force the use ofthree
frequency pairs on one path and three other pairs on the next path to
achieve adequate interference isolation (eg, use of a 4-frequeney plan
nther than the more desirable 2-frequency plan). If the 2-GHz band
must be used for high-density transmission, the 1.7- to 1.9-GHz band is
usually chosen for low-eapacity routes and 1.9 to 2.3 GHz is chosen for
high-eapaeity systems.

The two banda meet at 1.9 GHz. As with the upper and lower
6-G1k banda, at aiteI where both banda are used, care should be taken
to ensure that tranamisaion or reception occurs at the higher portion 01
the lower band and the lower portion of the higher band. GeneraUy,
the 2-G1k band is best suited for low- to medium-density systems.

The 4-, lower 6-. upper 6-.7-, and 80GHz bands are quite popular (or
medium- to high-eapacity systems. The 4- and 6-GHz bands are most

I
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popular. Worldwide, the upper 6-GHz band is the band used most com
monly for 2700-ehannel FM transmission. Since it is not near any satel
lite frequency, it is also popular for use at or near satellite earth
station terminals.

To achieve the greatest number of wide-band radio channels in the
amaIIeat pographieal area, aIIsyste.... should have common transmit
frequencies. This is a result of the observation that for an FM system,
the Ioweat interference noise oceun wben the interfering signal has
euet1y the same frequency. the de8ired aignaI or a greatly different
frequeney. lIiItorieaUy, the ftnt appI'C*h to a preassiped frequency
plan placed traDlmit and receive channel frequeneiel for a given path
on adjacent frequencies (as frequencies increased, channel use
alternated between transmit and reeeive). It wu soon observed that if
adjaeent channels were pIaeed on altemating orthopnal polarizations
(vertieal or horizontal), channel eapIlcity could be doubled by putting
two tranlmit or two receive channels where there had been one. Even
greater ehannelsPKinc efBeieney w. achieved by grouping aU trans
mit ebanneIs at one end of the frequency band, aU reeeive channels at
the other end, and pI'Oviding a band of unused frequencies (guard
band) between them. This had the lidded beneftts of relaxing receiver
8IteriDI requirementa and a1Iowinr the use of a single antenna for
........ieeim and reeeption for moderate numben of RF channels.
AIt.ematiDI polarization (borir.ontaI followed by vertial) of IdjIleent
hqueney ehanneIa JRUiInbIed adjatent ehanneI rejection.

At .. with several converging ..... or where eeonomie con
ItraiDta require the use of lower performance antennu, aome paths
an be placed on frequeDeiee"t from the main frequency plan by
......., a chanMl ......width (interleaved frequency plan), taldnc ad
v.... 01 the reduced interferenee of two aipaIs with large fre
quenq c6et. AJthouIh frequency interleaving an be UIed to 80Ive
apeeilr problema, it usually makes frequency eoordination with other
DIlen mon dif6eult and generally complieatel system expansion.

EtIeieMJ of frequeney use is improved by antennu with very low
front-to..bMk eoupliDc(eg, hom or abrouded puaboIie re8eetor ante....

,I"). Pulive refteeton pnenIIy have ndiatioD pattem8 sipi8eantly
wone than hom or shrouded paraboIie re8eetor antennu. Also, when
the pulive is above or below either Bite, the refteeted aipal experi
eneea polarization rotation. These (aetora naake ue of pauive
re8eetora undesirable where maximum frequency reuee is deeired.

Using high-perfonnanee antennu, it is pouib&e to transmit two di
rectiona with the sune sets of frequencies. The polarization ofone path

is often reversed on the next path to minimize path-to-path interfer
ence if foreground reftection or ground clutter backscatter
(transmitted signals reflected by terrain near the transmitter) are p0

tential problems. A typical 2-freqeney microwave system frequency
pattern repeats itself every two hops. Interference over three hops
will not nonnalIy occur; however, abnonnal propagation conditions can
cause such interference. If this condition is probable, the polarization
is changed every two hops (two hops with horizontal polarization fol
lowed by two hope of vertical polarization). Additional discrimination
(large antennu or zig-zag paths) may be necessary if the microwave
route is approximately in a straight line.

For frequency banda where multiline operation with a common an
tenna is the nonn, the guard band between transmit and receive
subbands is smnetimea chosen as an odd-half multiple of the channel
bandwidth (typieally ttl or 312). This eauses most multiple transmitter
intennodulation products to fall halfway between the receiver channel
frequencies, resulting in minimal demodulated baaeband interference.

OceasionaUy, coehannel interference or single-antenna intennoduIa
tion products fall near the receive channel frequency. Interference to
FDII audio ehanneIs is avoided in these eases by setting a lower limit
to the multiplex baseband and eetabtishing appropriate transmitter
and reeeiver IoeaI oeeillator frequency toIenncea. It is worth men
tioning that similar consideration must be given to intennoduIation
produeta in the FDII bMeband system. In the FOil system, all chan
nel canier and pilot frequencies are integer multiples of" kHz. This
assures that all pilot intermodulation products will appear outside (0 or
.. kHz) the normal 0.3- to 3."-kHz audio channel frequency limits.

As an example, consider a 4M;Hz radio system with transmit and
receive oeeillator frequency accuracy of 0.001 percent. Auume a typi
cal CCIR modulation section with six radio hops. A single-transmit de
sired carrier signal can be a maximum of60 kHz (6,000,000 x (OO1סס.0

from nominal channel earrier frequency. Prior to demodulation at the
end of the modulation section, it wiD be shifted randomly in frequency.
If aU frequency shifts are considered to be randomly distributed
(G.....ian distribution with zero mean), the frequency shift at the FM
demodulator due to six transmitters and six receiver oscillators will be
v'(6'+'6j' times the frequency shift. of a single oscillator. The expected
frequency error 01 the received carrier at the end of the modulation
eeetion is about 2AJO kHz (60 x vm. If an interfering carrier (with
similar frequency aeeuracy) appeared on the last hop, a tone in the
demodulated baseband could be expected to appear between in) and
260 kHz. Therefore, the FDII multiplex system should use a lower
frequency limit of roughly 300 kHz.
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Frequency planning is started by the choice of a frequency plan.

The use of plans must be carefully considered. The CCIR 1.7- to
1.9-GHz and 2.5- to 2.7-GHz frequency plans contain channel UBigo
menta that are outside the designated frequency band allocations. Sev
eral auxiliary channel auignmenta are outside the designated banda or
are at or near main ehannel center frequencies. Due to designated fre
quency band limitations, CCIR channel bandwidths are not constant.
In some cues, one or more channela may not be wide enough for the
highest clwmel capacity applications without allowing some out-of
band emiaaiona. Interleaved frequencies are spaced one-half channel
from the main clwmel frequency. Sometimes the interleaved ehanneIa
are one-halfchannel above and sometimes one-halfchannel below. Due
to deaipated frequency band alIoeationa, the number of interleaved
channell is sometimes less than the number of main ehannela.

Detailed frequency planning is done on the baaia of interference
noise Iimita. The estimation of interference noise requires a knowledge
oCthe deaired aignal (carrier) power, C, and the undesired interfering
lignal power, I. If the desired signal originates at station A,
transmitting toward station B, and the interfering signal originates at
station C, transmitting toward D, then the ClI observed at station B is
given by

Current high-density mierowave radio transmission plans, which
pI.e all tranamit frequencies at one end ofthe band and all receive fre
quencies at the other end, place some limitations on system design.
When leveral tranamit frequencies are used on a path, leparate trans
mit and receive antennas are required to minimize interference due to
waveguide intermodulation mixing products.

If a eommon antenna is used for both t.ranamiaaion and reception,
arefuI planning of tranamit and receive frequencies is neeeB8IIry to
avoid tranamitter-to-reeeiver intermodulation eroesta1k. Typieally,
aeparate ante..... are required for more than three or four tranIImit
fnquenciee on an antenna that is eommoD with a receiver. Any time a
eoIDmon tran8Init and receive antenna ia ueed with more than one
traumitter, careful consideration muat be given to tranamitter
intennodulation produeta that can appear in the receiver .._band

The UI8 01 aeparate anteDDM takee IIdvantap 01 the 60- to ll~B
couplilw ... between lide-to-lide antennu pointed in the ume direc
tion. Aa with antenna front-to-bliek ratioe, cou.... loa can be len
GUlly ......... by forepound refteetiou. Path terrain may require a
DI-UC route due to releetioll8 or over the horizon (ovenhoot)
interferenee.

With IIIOdern frequeoey plana, a atation at one end of a path is re
quired to tra_it ........ fIoequeneB and receive .... low fre
..... ne etation at the other end of the path tranBmitl low and
neeiv...... If the ..... fonD a cloIed loop, that loop IDUIt be com
..... 01an even number ofaitee. Ifthe cloIed loop is formed by an odd
..... 01... aile Itation wiD be required to tnnImit and receive
both in the hiP- aDd low·frequeney 1UbIJuda. Such aloeation ill ailed
a "utlrPw fir ....... lItation. If a u-u-itter fir receiver ia operated
at the euae frequency at the eame loeation, roughly t20-dB
~verieolation • required to IIChieve aeceptable lev
• oIiDterfereDce. ThiI iIoIation can only be aehieved at idealloeationB
with tall towen and no pound seatter or re8ecting aurfaeea.

'JnMmitter..to.receiver ...... leabp due to eue, eonneetor, or
.......a COIDIDOII problem at tbeIe .... Genenlly, this pr0b
lem ill IOIved by further IUbdividing the hiIb and low IUbbuda into in
dividual tnD8Init and receive aubbande. ThiI appI'MCh leaves unused
......... far a pard band to reduce the adjMent elwInel interferenee.
Since tbeIe are not lpeetnlly efBdent, thia path cannot
QlTY u y ehannell u the other paths. Another appI'MCh is to
pIKe one 01the loop paths in another frequency banel. Thia appI'MCh is
inetfteient and is not alwaYI pouible in highly developed areal. In gen
eral, the U8e of bucking stations should be avoided.

ClI(dB)

P(dB)

G(dB)

L(dB)

()(dB)

= P(dB) + G(dB) + L(dB) + ()(dB) (4-1)

= transmitter power differential (4-2)

= Pc(dBm) - P.(dBm) - Lc(dB) + L.(dB) (4-3)

= antenna gain differential (4-4)

= GjdB) - G.(dB) (4-6)

= free lpace lo88 differential (4-6)

= 00 log (d./dc) (4-7)

= antenna diBcrimination (4-8)

= Dc(dB) + D.(dB) (4-9)
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Pc :::a transmitter power of desired signal (4-10) Table 4-7. Terrestrial frequency planninK data.

PI "'" transmitter power of undesired signal (4-11)

I.e "'" power 10as of desired signal between (4-12)
transmitter and transmit antenna

L. == power 1088 of undesired signal between (4-13)
transmitter and transmit antenna

Ge == gain of transmit antenna at site A toward (4-14)
site B

GI "'" gain of transmit Ultenna at site C toward (4-16)
site D

De "'" diserimination (relative to main lobe power) (4-16)
of receive Ultenna at site B toward site C

DI "" discrimination (relative to main lobe power) (4-17)
of transmit Ultenna at site C toward site B

de - distance from site A to site B (4-18)

d. == distance from site C to site B (4-19)

For adjaeent ehannel interference noise ealeulations on a multiline
peraDeI route system. the Cli equation redueea to the eombined CI'088

polarization discrimination (XPD) of the tnnamit and receive Ulten
..... 'I1le eombined XPD is never better than the wone of the two
utennu. 'I1le data neeeuary to estimate terrestrial microwave inter
ferenee is Iiated in Table 4-7.

Bued ona ealeuIated CII. an estimate is IIIIde ofinterferenee noise.
'I1le interferenee depends on both the desired aipaI as weD as the
interfering &ipal. The preeeding fonnula asaumed free 8paee trans
miaaion. Some interferenee eases may require eaIcuIation of obstruc
tion 01' rain Batter lou. Adjaeent clwmeI interference requires an
_imate of relative fading of the C and I signals. OeeuionaUy. one or
both aignaIa will have a low frequency dispersal signal (burble) to 0b
tain a burble factor interference reduction.

1. Site name (with WIer ident.ifteation)·
2. Latitude: depeea. minutee. eeeonda. north or IOUth.

3. LontiWde: dep'ee8. minutee. 1eCOIlda. eut or weat.
4. Site elevation (met,en or feet) above mean Ilea level.
6. Antenna tenter line (meten or feet) above Bite elevation - ineUie

data for both main and diversity antennas if appropriate.
6. Antenna ete-:riptioft (manuflld,urer. type number (ea. UHX·IO). type

(ea. lIhrouded p....llOIid. feed type (ea. dual poIariaaUoD hom).
aperture diameter (ea. 10 feet) for main diversity .......·

7. Antenna diIerimination eurv- for both eopoIariutioR and ClI'thopMl
poIIriIatioIa (erwa-palariled) ........

8. Puaive repeater...and type (ea. 10 feet by 10 feet...biIIbou'd)
and manufacturer and type nwober.

9. Equipment t.ran8I'IIitter power and tranaI1\iIIion line 10M (or
waftlUide type and 1enIth) or~ power delivered to the
tranemit antenna.

10. Reeeiver~ line 10M (or wave,uide type and 1enI'h).
11. TraM-- trequeaey in Ilik to ....- klk (ea. 1iN6.• IIH&).
12.~ frequency atabiIity (ea. 0.• pereent).
13. ....... type (video. teIephlay. lIMa) and epeeik ......... If video•

.,..,~ 01' NTBC. SEed. or PAL. If FDII
teIepIaay. india&e ol..... (ea. 980) and multiplexinc
plan (ea. CCITT Plan 2. 16 SGA). If data indieate bit rate and
IIIOIIuIlItioIl method (ea. to IlWa. 8 PSIU" if .......... .,ectruIIl
meets any emiMien muk.

14. Reeeiver iDterferenee..-eptibility eurYee relatiq Cli to
perronn&nee degradation lor varioul c:odIannel and -.ijacent
interreriq eipaIa.
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Excerpt from: Kizer. G. M., Microwave Communication. Ames: Iowa State University Press, 1990.

4.2 EXTERNAL INTERFERENCE NOISE

( 1

External interference in Fllayatems generally falla into one of &eV

ent different categories. The first is interference caused by an
interfering Bipal appearing at (cochannel interference) or very near
(ldjaeent ehannel interference) the desired signal in such a manner
that both appear at the FM demodulator. Medhunt [266] has devel
oped a general fonnula for detennining demodulated baseband signal

1



since NI is mum greater than (N. + N. + Nt> when F equals D and
NI iI zero when f does not equal D.

(4-44)

(4-41)

(4-42)

(4-43)

I,
lZi-

(4-30)

(4-31)

(4-32)

(4-33)

(4-33.1)

(4-34)

(4-35)

(4-36)

= unmoduJated carrier frequency ofundesired
carrier

= (l,x = 0; 0, otherwise)

=lfr-fJ

= unmoduJated carrier frequency of desired
carrier

= baseband frequency of interest (eenter
frequency of measurement)

= Dirac delta function

= absolute difference in desired and undesired
carrier frequencies

= desired carrier powerlundeaired carrier
power [power ratio iii N(mWO) in equation
above, dB in N(dBmo) in equation which
followI)

= V2'At,... (4-37)

= rms frequency deviation caused by (4-38)
reference (0 dBmO) sine-wave test-tone
power level

= baseband noise power measurement (4-39)
bandwidth (narrow noise alot)

= unweighted noise relative to reference test- (4-40)
tone power measured in a noise slot with a
width ofdf

fc

f

f.

D

df

Atpk

6(x)

At.....

4!,ch ...... = telephony per-channel nos deviation ({or a
reference 0 dBmO sine-wave teat tone)

= A{......

(

N

p(l) = baseband preemphasis power transfer
characteristic (relative to pivot frequency)

P(l) = 10 log [P(f»)

ell

EXTERNAL INTERFERENCE

( ,

(4-23)

(4-24)

(4-26)

(4-26)

(4-22)

(4-21)

CIlAPI'ER ..

= frequency at wbicll the modulation (4-29)
apectrwn power delllity iI measured

= power in milliwatts divided by the reference (4-22.1)
power (0 dBmO) in milliwatta

far

8I(f)

"1 • 1cl.'CO - f)

"2 • lc[M.CID - fl) • ".CD • f)l

13 • K.["c(ID - fl) + "c(D + f)]

"4 -/.J"c(lx + tl) + "c(lx - tl)] ".(10 - Ill) dll

N(dBmo) = 10 log [N(mWO»

AU trequeneies ud powen mult be meaaured in the same units (for
example, kHz and mWO per kHz).

Se(f) .. speetrum power deMity ofdeIired aipal as (4-2'1)
it appean at the input of FJ( demodulator
(ie, Bhaped by RFIIF eeetion bandpua
ehaneteriaties)

.. speetnun power denlity of interfering (4-28)
signal as it appean at the input of FII
demodulator (ie, aIIo Ibaped by RFIIF
section band,... ebIneteriItica). Se and 81
are both normaJivd to have unity total
power and f .. far - Ie

where

mWO

distortion levels in FM systems experiencing this type of interferenee.
This formula, applied to telephony systems, is 88 follows:

M(,,) • 1 Ir. 0
2

M] +[~III_ +. + n ] df]} (4 00)
(c/I) (6fp.ll(p(0) 1 p(f) "-Z 3 4 -

. r (M + df [. + N + 1 ])
2 (ell) (6f )2 p(f) 1 2 3 4/ctt ,.

128-
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"4 -1o(f1 • ntH (ll) H (f .ll)"e (f .1l)"1 (JO - xl) (4-66)

Melt) • Milt) • 0 for all f 5udt tIlat If I ~ f T (4-64)

then

+ H (ll) H (If - Ill) "e (If - Ill) "I (10 - Ill)

• H (ll) H (If - xl) He (If - Ill) ") (D. ll)

,
131-

(4-49)

(4-48)

(4-60)

(4-47)

(

• H (x) H (If - xl) "e (If - xl) "I (D. x)

• H (x) H (f • x) "e (f • ll) "I (0 • x) }ax]

• H (x) H (f. ll)"e (f. x) "I (D. x)t dx
•
.~[t H (ll) H (f • ll) He (f • x) ") (ID - Ill) (4-66)

• H (x) H (If - Ill) "e (If - xl) "I (10 - xl)

"4 -.r-:[H(Jll • fl) "e (Jx • fl) • H (Jx - fl) "e (Ix - fl)) (4-61)

H(lxl) "I (10 - xl) dx

If the spectrums are symmetric and bandlimited by frequency fc: such
that

Me( f) • Me(-f) for all f (4-62)

"IU) • "I(-f) for all f (4-63)

• H(O • f) "e (D • f»)

"3 - H(O) kl (H(JO - fl) "e (JD -fl)

N2 - Ke(H(f) "I (ID - fl) • H(f) ", (D. f»)

- H(f) Ke ("1(10 - fl) • "I (D. f»)

EXTERNAL INTERFERENCE

"1 & H(D) Kc KI 6(0 - f)

-( (

1. CHAPTER 4 I- ,
Se(f) = Kc3(f) + ~(f) (4-46)

8.(f) = K.8(f) + M.(f) (4-46)

where Ke and K. are residual carrier power in the moduJated spec
tnuna and lie and M. are the modulated spectnlm density functions as
a t'unetion of frequency relative to unmocIulated carrier frequency. If
the earriera are both unmodulated, Ke = K. = 1 and Me: = M. = o.
TheIe general fonnulu are valid for either FDII or digital interfer
ence apeet.nuna.

NI npneen&a a relatively Btrong epike of coberut noiIe power at
the fnqueney f ... D in the reeeiver buebud. Thia spike (and its eee
ond and third harmonies) can eause COIlIIiderabIe interferenee to nor
mal lignals as well as out-of-band noiae and pilot lensorl. Nz
repreeenta modulation transferred from the interferinllipal to the
deIired Iipd. Tbia enJ88-modulation iI cauaed by the preeenee of the
...... carrier spike in the speetrum of the deIired IipaL N. repre
eentl modulation transferred from the deIired ...... to the undesired
Iipal. Sinee the unde8ired signal'l modulation Iped.rum is uswned to
fall within the pulband of the reeeiver, the transferred signal is then
............... witIa the deeired modulation. This demodulated
noiIecomponent would not exist if the undeaired signal did not have a
reaidual carrier spike. N. is Iimilar to Nz and N. in that the noise is
,enerated by erou-modulation of the speetrums of delired and
undeeired ...... The de8ired and undesired modulated signal spec
uu. eouId be eoneidered to be divided into frequency aeptents df
wide. The coatinuoua epeetnuu would be repllced by a Ipeetrum of
........df&pUt, Meh euTYiDI the power in the dfportion of the
MntinuouI apeetnun. N. would be the Iiatit.in« ale (u elf becomes 0)
of the IUDlnaation of all fnqueney enJ88-produet eomponents, whieh
would fall within dtrl of the measurement frequency, f.

To coneider the effeet of FII ftlterin, prior to demodulation,
recleIDe Be 8•• spednunI u they appear at the input to a radio.

I The power t.nb8fer fund.ion HOO of the reeeiver between
I the lUi' IIipaI input aad the FII~ will be deftned sueh that

H(O) - 1 .... H(GD) - O. For eonvenience, it will be .-uned that the
H(f) iI Iymmetrie about f ... 0 [ie, H(f) - H( - f)]. For the bich Ire
queaey predemodulation cireuitry used in FII receivers, this is ap
proximately true. As before, (is a predeteetion frequeney relative to
the unmodulated earner frequency (f = frt - fc) or a bueband fre
quency of interest (eenter frequency of a noise measurement usinc a
meuurement noise slot df wide).

Ii
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At this point. the expression (or the FM system interference noise
is quite general. The interfering signal eaR have any symmetric: analog
or digital apectnun 8•. Since the interCerenee noise eaR be approxi
mated by a aummation. analytic: expressions (or the desired and
interferinc speetruma are not required. Pbotograpba orapectrum ana
lyra'diIpIay. eaR be used to obtain values (or lie and II•. However.
the dieplayed values must be nonnaIized to the unmodulated earrier
power. All disa'ete speetral components eaR be read u shown. All
values o( the continuous portions o( the speetrums must be divided by
the noise bandwidth o( the spectrum analyzer.

J( neither the desired carrier nor the interfering carrier is
modulated.

'I1Ierefore. the interfenmc:e noise relative to the power o( the re(er
enee .Ieband·. aiDe wave (whieh eaueea the reference per-duumel
rma frequeney deviation) is the (oIlowing:

...--•• -3 (a. - e/I (e. + 20 1.. (l(kIII))' (4-62)

-20 1.. (M/a ... (ttkJ) - p(DUe. + 10 1.. (N(Dt]

where ell ia the deaired earrier-to-interCerin, earrier power ratio
...IUNd at the FII reeeiver input and H(D) is the ovenU receiver
pndeteetion rejeetion at the interfering carrier frequeney relative
to the naiver predeteetion reaponae at the desired eanier frequency
(10 log (H(D» < 0). Fig. 4-1 pIota this result (or negligible IF ftltering
at the frequency o( interest (the typical case) and no emphasis
[P(D) - 0).

Il either carrier is modulated, the situation becomes more compli
cated. To simplify matten, auume both the desired and interfering

+40+30

PER CHANNEL
RMS DEVIATION CkHl)

+10 +20
10 log IDCIlHz)J

o

FIG. 4-1 UnmoduJated carrier interference.

FM
NOISE
AT' =0
DUE TO
UNMODUlATED
CARRIER
INTERfERENCE

o

.40 L" iii' , i' I' , " 'i iii i" i, ii,. iii iii i' , iii' , i " 'J' "1 'i. Ii

+20

-20

iii
E
o::::o
+ dB

I
z

(4-61)

(4-60)

(4-69)

(4-57)

(4-58)

·l·Oforf'"

·l·lforf·.

.2 ••3 ..... 0

for 6X • [fT + f]/.

x • [fT + f] [n/.]

Ind • suitlb1, 1lrge.

1M
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signals are identical types of FM signals. It is assumed that the
base... are deaeribed by Gaussian white noise signals bandlimited
80 the modulation signal extends from a low baseband frequency f. to a
high baseband frequency fb• 'I11is, of coone, is the typical representa
tion ofa frequency division multiplexed telephony baseband. It wiD be
convenient to work with nonnalized spectral power density functions
G(fIfaJ such that

5 (f/fb) - [~], (f/fb) (4-63)

If the destred c.rrter ts .adul.ted

5c(f/fb) - [~], (f/fb)

and tf tile tnterfertng c.rrter is .cIul.ted

5. (fJfb) - [J;]' (f/fb)

(4-64)

(4-66)

• i;Jo(f .. fy)/fb (H (t) H([f/fb) .. t) Gc ([f/fb ) .. t) G, (I[O/fb) - tl)

.. H h) H ([f/fb ) -tl) G
C

(I[f/fb] - tl) G, (![O/f b) - til

.. H (y) H (l[f/fb) - tl) Ge (I[f/fb) - Til G, ([D/fb) .. t)

.. H (t) H ([f/fb ) .. t) Ge ([f/fb) .. t) G, ([D/fb) .. t)} d, (4-73)

•
-t- E [tH (x) H ([flfb) .. x) Ge ([f/fb) .. x) " (I[D/fb) - xll

b ,,-I

.. H (x) H (I[f/fb] - xl) Ge (I[f/fb) - xl) G. (I[D/fb] - xl)

.. H (x) H (I[f/fb] - xl) Ge (I[f/fb] - xl) GI ([D/fb) .. x)

.. H (x) H ([f/fb ) .. x) 'c ([f/fb] .. x) GI ([O/fb ] .. x)} AX) (4-74)

I..
Tile prevtous functtons bee.. tile foll.tng

11 - H (D/fb) leI. 4([0 - f]/fb)

1
M2 - r M,

b

- ~ H (f/fb ) lc [G. (10 - fl/fb) .. '. ([0 .. f)/fb»)
b

1
13 - r~

b

- ~ H (D/fb) I. [H (10 - fl/fb) 'c (10 - fl/fb)
b

+H ([0 + f]/fb) 'c ([0 .. f)/fb)]

1
14 - r.:: • (f,6. H)

b

- i:J::J H (If + Ili/fb) 'c (If + Ill/fb)
b

+ H (If - Ill/fb) 'c (If - Ill/fb)]

H (1IlI/fb) '. (10 - Ili/fb) (dll/fb)

(4-66)

(4-67)

(4-68)

(4-69)

(4-70)

(4-71)

(4-72)

wtth

All - [f y " f]/[.fb]

x • "[f y " f]/[.fb]

• suit.bly large and

Gc (f/fb) • GI (f/fb) • 0 for If/fb I>fe/fb

[
(f/fb)2 (Ml .. [df/fb] [M, .. N7 .. I])]

N(d....) - 10 log 2
2(C/I) (Af/ch nlS/fb) p(f)

- 10 log (H1 .. [df/fb) [H, .. H7 .. I])

.. 20 log (f/fb) - 20 log (Af/ch nlS/fb)

- 3 - C/I (dB) - P (dB)

(4-76)

(4-76)

(4-77)

(4-78)

(4-79)
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.1'0 generalize reauJta, noise power ratio (NPR) will be used

fIItt(dI) • NlR (d",) - .. (dB) - 1(....) (4-80)

... (dB) • 10 log [fb ;;,'.] ~ 10 log [~] (4-81)

for r.. much Iarpr than f. and elf the (noise power) width ofa telephone
channel (nominally 3.1 kHz by eonvention)

NLR (dBmO) = power of bandlimited white noise (4-100)
baseband lOIlding relative to reference
aine-wave PQwer

P (f) (dB) = preemphaaia power transfer (4-96)
characteristie (expreued in dB) relative
to pivot frequency

20 log (a/faJ = 10 log (a/f~ (4-96)

= 10 log (aiM,. nna>" (M,. naJf~ (4-97)

= 10log(aIM,.nna>" + 2Olog(Mlch rmJfaJ (4-98)

= NLR (dBmO) + 20 log (M,. mulfaJ (4-99)

= desired carrier to interfering carrier (4-94)
power (expressed in dB) at the input to
the FM receiver

= FM nos frequency deviation caused by (4-93)
a reference 0 dBmO sine-wave

ClI (dB)

~f,ch nna

(4-82)

(4-83)

(4-84)

(4-86)

NLR(dBmO) ... 10 toe [total bueband avence power at
the modulator inputlreference sine
wave power]

~
(total rma frequency ]

= 10 toe deviationf]
[(referenee per channel rma

frequency deviationf]

• 10 log [at,:~".;J
[

G ]• 20 log ,.
"/Ch ,.

Tberefore, 2]
2 (ell) (G/fb) p (f)

Ift(.) • I. '" L'lfb" l"s ....., • I]
(4-86)

= - 4 + 6 toe N for N <240

= -16 + 10 log N for N '-240 per
CCIRlCCITr recommendations

(4-101)

(4-102)

• 3 + ell (dB) + P (ell) + 20 log (G/fb ) - 20 log ("fb ) (4-8'1)

~ 3.1 kHz by convention

elf = telephone channel (noise) bandwidth

I I ,.. - bicbe't blleeband frequency

... frequency of highest FOil telephone
clwmel

(4-103)

(4-104)

(4-106)= dominant noise when f = 0

= 0 when f :#- 0

= (flldf) NtN6

n.e previoua formulaa have been derived assuming FM. What started
u bueband powen into an unemphaaized modulator and out
of an unemph'eised demodulator were converted into rma frequency
deviationa a and Midi ..... Although the following sections will coneider
preemphuiled FII .. well .. pnetieal PM, the values of a and
Midi .... wiD not be changed. At flrst this might seem strange ainee
wring emphuia or baseband frequency response shaping network be
tween bandlimited white noise and the modulator input wiU certainly

(4-91)

(4-92)

(4-88)

(4-89)

(4-90)

- 10 log [Is + "' + .7 + J]

- bMebud frequency of intereltf
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FIG. 4-21 96O-clwmel interference noiIe. FIG. 4-23 2700-c:hannel interference noise.

TheIe results are the aame .. the previoul fa == 0 reeults for 101 -- 2 r...
For 2 fb < 101 -- 3 fb, these reeults prediet 2.6 dB lower noiIe and for
3 fb<IDI--4 fb, theae results predid. 6 dB lower noise than for the pre
vious f. ... 0 reeults. Thia difference is due to the dependeney of the
higher order FM apeetnun on f,lft, for the low deviation (alft, < 114)
eaIe.

D wiD vary slightly from path to path due to slight tuning inIeeu
ney even though D baa the same nominal value for each path. There
fore, IIdjaeent ebumel interference noise from one path to the next wiD
be uneorrelated. This noiIe wiD tend to build up over multiple hope by
10 log n where n is the number ofradio hope (paths) in a row. Thia type
of interference 0CCUJ'8 for bueband or IF/RF repeatel'8.

1I0Bt FII receivel'8 use a lingle heterodyne or mixing proeeI8 to
truafer the deIired aipaI at frequeney fc to a more convenient inter
mediate frequency f.F for further proeeuing. Sueh a receiver is prone
to interferenee from 8ignala at frequencies far removed from the de
Iired frequency fc (167), [158], [186], (420). The receiver is most lUI

eeptibIe to three typea of apurioua re&ponIe due to the nonlinear
mixing proeeu. 'ftle tirat type is multiple image interference. If fLO is
the frequeney ofthe receiver loeal oscillator used in the mixing proeesa
and n is III integer, the receiver wiD produee an flF signal for an
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FIG. 4-22 18OO-ehannel interference noiBe.
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Technical Considerations for Digital Expansion of Analog
PM 2400 Channel Multiline 6 GHz Microwave Systems

IN1RODUcnON George Kizer

Over several years several of the North American telephony common camer microwave
transmission systems evolved to a 2400 cbanael L4 carrier FDM multiline 6 GHz FM
analog transmission system. The rapid expansion of the system to include digital
transmission bas caused the need for expansIon of existing analog routes using digital
transmission facilities. This paper describes the technical considerations for implementing
such an expansion on an existing high capacity analog system.

FM INTERFERENCE CASES

Multiline radio transmission systems are subject to several forms of radio signal
interference. System engineering and frequency planning is using to minimize intezference
due to conver~ng RF routes, spurious receiver responses, and waveguide nonlinearity
mixing. Multiline FM systems are subject to three fOrms of interference which are a
function of FM transmission parameters and RF channel spacinl. This interference must
be considered prior to impJemenwion since little can be done after the fact to reduce it.
Theoretical examples will be given for typical digital transmission systems. The results on
an actual implementation of a 1000 mile route system will be mentioned.

CASE 1: DIRECf ADJACENT CHANNEL INTERFERENCE NOISE

Interference from overlapping sidebands of interferinl si~als will be larbled or
unintelligible since the disturbinl sidebands are not correlated WIth the disturbed carrier. In
systems with closely spaced FM channels, however, a more c~licated fonn of adjacent
channel interference has been noted in which the interference is mtellilible. This type of
intezference, in which the signal on the adjacent channel appears as an identical sipaI in the
disturbed channel, has been tenned Direct Adjacent Channel Interference (DAC!). The
transfer mechanism has been described by Ruthroff [18], Chapman and Millard [3], and
Goldman [6]. Curtis. Collins, and Jamison [4] observed that the interference appears in
the disturbed channel at exactly the same baseband frequency as applied to the other
channel. A change of 1 dB in the carrier ratio of the two channels produces a 2 dB change
in the baseband interference in the disturbed channel provided the disturbinl carrier is
weaker than the disturbed carrier. A change of 1 dB in the level of the baseband input to
the disturbing channel produces a chanle of 1 dB in the interference observed m the
disturbed output. The baseband interference wu observed to be essentially independent of
the modulation frequency on the disturbing camer. With a fixed difference in level
between the disturbing and disturbed carriers, the interfen:nce as observed at baseband is
independent of the power of the disturbing camer at the input of the radio receiver.
Experimental work indicates that the crosstalk mechanism which is characteristic of
adjacent channd interference exists in the limiter of the FM receiver and also at any point in
the system where there is a pronounced tendency to compress the siplal. The amplitude of
this interference varies as the square of the ratio of the voltaIC It which the limiter clips to
the signal voltage impressed upon it. The most effective method of reducin. this type of
interference appears to be flltering out the disturbinl signal before it reaches a limiter or
compressing amplifier.

Since this adjacent channel noise mechanism bas been identified in PM systems, it should
be considered in applications·of digital adjacent channel applications. Experience with
analog FM adjacent channel systems indicates that if adjacent channel filterinl and/or radio
frequency (RF) cross polarization discrimination is adequate to control Tertiary
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Interference, DACI due to an PM system will be iasipificanL If the adjacent channel is
diptal, the DACI mechanism will not produce inrelliJible noise and its effect will be less
than that of an analol system. Noise due to this mechanism is therefore considered

.~ neaJigibk for digital adjacent channel operation.

CASE 2: TERTIARY IN1ERFERENCE

Another type of interference, called Limiter Transfer or Teriary Inrederence, is most likely
to occur when a multiple RF channel system is implemented along a common path. The
sidebands ofone channel may be picked up by a second canier (transfer) channel and then
transfmed to a third channel through limiter action. This causes signals from the fU'St
channel to appear in the third channel without appearing in the second channel. Limiter
Transfer may be explained by considering the effect of a limiter on an input signal
composed of two unmoduJated carriers [5], [8], [10], [11], [13], [19]. The.,er of the
two will be called the desired carrier and the smaller the interference. When these signals
are passed through a limiter, both signals are reduced in amplitude and many other signals
are generated. The limiter output consists of signals in the same frequency range as the
input signals as well as all odd (eg, third, fIfth, seventh) hannonics of the input signals.
Also, the output consists of signals at the carrier frequency plus and minus all integral
multiples of the frequency difference between the two input frequencies. In ,enera1, the
odd-otder harmonics are flltered out and the sum and difference frequencies areater than :1:1
are low enough to be ignored. The dominant outpUt of the limiter, therefore, is a main
carrier plus two equal sidebands, one at the original interfering signal frequency and
another on the other side of the carrier. Each will have the same absolute frequency
difference between it and the main carrier but each will be 6 dB lower in amplitude relative
to the carrier than was the original interfering signal.

In a parallel route multiple RF channel system (see Figure I), an interferin. si.nal may
appear on one side of a carrier, the composite sipallimited, and then the resultant signal
retransmitted. Upon retransmission, the interference appears on both sides of the transfer
carrier. Although the prelimiting interference may be too far removed from the desired
carrier to produce sipificant distortion in the carrier's receiver, the new interferin. sipal
may cause considerable interference to the RF channels next to iL This can occur even
though the RF channel being interfered with has adequate filtering and appropriate
frequency planning to avoid untransferred interfering signals. In long parallel route
systems, it IS possible for the interference to be rransferred onto other channels as well as
back into the oripnal channel (on another RF hop). For lonl parallel routes with equally
spaced RF channels, this type of interference can build up and cause erratic behaVIor of
high frequency pilot and switch control tones. Multiline switch problems can occur ifnoise
sensor slots are so close to pilot frequencies that pilots being transferred back into the
originating route (with a sbght frequency effort due to slight mistuning of oscillator
frequency) fall into the noise slot. As with DACI. the most effective way to avoid this type
of interference is to filter out the potentially interfering signals before they are applied to a
limiter of the potential carrier (transfer) channel. This type of interference can occur for
remodulation of RFIIF repeater systems.

Jansen and Prime [9] have described the mechanism for Tertiary Interference in an RF
channel of a parallel route multiple RF channel telephony PM system. Two pneral types
of interference occur. Consider the three RF channels shown in Figure 1 (actual parallel
route systems generally have 6,8, or 12 RF channels when fully developed). The first
order FM sidebands of channell (from site A). after having passed across~ 1, appear at
the input to the limiter ofchannel 2 at site B. The level of the sidebands will be reduced by
the composite filtering characteristic of the repeater and cross-polarization discrimination of
the receive antenna. After passing through the limiter, the sideband energy is reduced 6 dB
but transferred to both sides of the channel 2 signal transmitted toward site C. The



interferinl first-order sideband enerlY that appeIlS bKk in channel 1 is called double
adjacent tertiary interf~DCe. The interferin. eDerlY chat appears in channel 3 is called
transfer tertiary interferences. If the interference occurs on two adjacent paths (eg, from
channel 1 to channel 2 on path 1 and from channel 2 to channel 1 or 3 on path 2), the
interference is called first order. If the interferinl sidebands pass through two repeaters
rather than one before appearing in the other channel, the interference is called second
order. For a system of N hops, up to (N-I) orders of interference are possible. If the
assumption is made that the Slgnal-to-interference ratio in the first-order sideband region
after hmiting is equal to the NPR at baseband, the noise due to all orders of tertiary
interferences would be given by

NPRT (dB) - 12.0 + 2 CII (dB) - T -10 log n

where

T

CII(dB)

a(pr)

D

f

L(dB)

N

n

N-l
:II 10 log I (N-K) aK

K-I

• carrier-to-interference ratio of a path prior to filtering and limiting

• loss (expressed as a power ratio) of a repeater filter at frequency
(D - t) away from the repeater unmodulated curier frequency
relative to the filter loss at the unmodulated carrier frequency
(note that 0 SlSI)

=unmodulated carrier frequency difference between any two
adjacent RF channels on the same path

= bUeband frequency of interest

= 10 log (a)

=number of parallel route ~ops

= number of interference paths (note that n is 1,2, or 4)

Figure 2 plots the combined IF and RF power response of a typical 2400 channel PM
receiver. The dominant intennodulation distort1on conaibuuon due to even order
differential gain or phase (el, bow) occun over the fU'St and second order PM sidebands
(within plus or minus 2 tb of the carrier frequency) [17]. Therefore, the PM receiver
response ofFigure 2 represent the practical limit of FM flltering prior to deteetion.

If a parallel route system consisted of only two parallel routes, n would be I because each
channel would interfere with itself through double adjacent tertiary interference. Transfer
interference would not be possible for this case. If a parallel route system consisted of only
three parallel routes (see Figure I), n would be 2 for all three channels. Channell would
receive transfer tertiary interference from channel 3 and double adjacent teniary interference
from itself. Channel 3 would receive tertiary interference from channel I~ double
adjacent interference from itself. Channel 2 would not receive any transfer tertiary
interference but would receive double adjacent channel interference due to both channels 1
and 3. In the general parallellOute case, n is 4 because a channel receives both tranSfer and
double adjacent interference from each side of the path. Note that this type of interference
only occurs in systems with IF or RF repeaters. The process tenninates every time the



sipal is demodulated to baseband. The interference process stans again on the next
baseband-ro-basebancl section of multiple IF or RF repeaters. The noise on n identical
baseband switch sections would add on a 10 loa n basis.

The precedin, analysis assumed a homo,eneous ualo, PM multiline system. This
analysis can be extended to a mixed diptal and anl1o, situation [12]. In the preceding
example, ifchannel 1 is dilital and 2 and 3 are malo. PM channe~ channel 1will produce
transfer tertiary interference into channel 3. The analysis would be the same as for an
analog system except for the addition of a factor U to account for the relation between the
modulated spectrum sideband energy of the PM and digital si~s. It is assumed that the
digital signal is known to produce S power relalive to total camer power when measured in
a noise slot df wide located f away from carrier flequcncy. Figure 4 plots values of S for
df of 4 kHz for various practical telephony diptal specUUm5. For comparison, Figure 3
plots the same for angle modulated analog transmission [7], [12], [15], [16]. Figure 3
results were taken from [12] results by multiplyin, the normalized spectrums by 10
lo,(dflfb). Results have been given for unemphasised PM. PM with CCIR emphasis, and
for PM. Results have been given for PM since this represents the optimum angle
modulation system when evaluated using an exlanal interference rejection cnterion. Figure
10 shows the emphasis characteristics of CCIR and PM to PM conversion emphasis
curves. The PM results may be considered the theoretical best results that can be obtained
from an angle modulation system.

Ifonly the highest baseband frequency fb is considered, the transfer tertiary interference
due to a digital system is give by [12]

NPRT (dB) • 12.0 + 2 CII (dB) - T - 10 log n - U

where for PM without emphasis

U = 10 log (S) + 3 + 10 log (fDlcit) -20 log (er/fb)

or for PM with CCIR emphasis

U =10 log (5) - 1.8 + 10 log (f~cit) -20 log (~/fb)

Consider an example of a 2400 channel FDM-PM system with typical Nonh American 6
GHz channel sPacin,. This RF channelization conforms to Part 21.701 of the Code of
(United States) Federal Regulations. Title 47, Chapter I and cm Recommendation"383
3. This frequency plan assips eight 'A and eiaht return channels with 29.65 MHz channel
bandwidth. For this channelization NPRT for an all analog 2400 channel system
conforming to the characteristics shown in the Appendix (N:3) is the following

NPRT (FM-FM) =12 + 2 C'I-I0 log (3) - 10 log (4)

= 1.2 + 2 C'I(dB)

The switching section (3 hop) tertiary interference objective of +8.0 dBmCO is equivalent
to an unweighted signal to noise ratio (SIN) of +80.0 dB. The equivalent NPR is given by
[12]

NPR(dB) =SIN(dB) -16.0 + 10 log (2400) - 10 log «11404-564)13.1)

=62.4



To achieve the noise objective, the per hop CII objective must be 31 dB.

Adjacent channels of. muldline mic:mwave radio sysrem _ ncxmaJJy ClOSS polarized. The
received CII is the combined ClOSS polarizalion discrimination of the cransmit and receive
antennu. If all antennas U'e assumed to be the same, CII is twice the cross polarization
discrimination of a smale antenna. Therefore, this objective can be met using microwave
antennu with 16 dB cross polarization discriminalion.

For digital interference, using data from Figure 4 and D-f. 28.65 - 11.40, the following U
factors are obtained for emphasized systems.

U(8 PSK) • -62.0 - 1.8 + 10 log (1140414) - 20 log (0.0681)

• -17.6

U(16QAM) • -82.0 - 1.8 + 10 log (11404/4) - 2010g (0.0681)

• -37.6

U(64 QAM) = -80.5 - 1.8 + 10 log (11404/4) - 20 log (0.0681)

• -36.1

For the above, the IFIRF receiver response at D-f was assumed to be 0 dB(per Figure 2),
per channel rms deviation was 100 kHz and per channel white noise loading was -16
dBmO.

Oearly if an existing 2400 channel system meets tertiary interference objectives, tertiary
interference due to an adjacent channel digiral system will be negligible..
CASE 3: ADJACENT CHANNEL INTERFERENCE

Interference caused by an interfering signal appearing in frequency near the desired
received FM signal is known as Adjacent Channel Interference. Medhurst [14] has
developed a general fonnula for detennining demodulated baseband signal distortion levels
in FM systems experiencing this type of interference. This formula, applied to telephony
systems [12] is as follows:

where

N(mwO)

CII

df

M/chrms

f

N

= f2 [Nt + df (N2 + N3 + N4)] / [ 2 (C/I) (Mlch rms>2 p(t)]

= desired carrier power/undesired carrier power ratio

= baseband noise power measurement bandwidth (narrow noise
slot)

= telephony per-channel rms deviation (for a reference 0 dBmO
sine-wave test tone)

= baseband frequency of interest (center frequency of measurement)

= unweighted noise relative to reference test-tone power measured



p(f)
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in a noise slot with a width ofdf

• baseband PJ=DPbasis power ttansfer characteristic (relative to
pivot frequency)

N1 represents a relatively SU'Ong spike of coherent noise power at the frequency f :I: D in
the receiver baseband. This spike (and its second and third harmonics) can cause
considerable interference to normal signals as well as out-of-band noise and pilot sensors.
N2 represents modulation transferred from die interfering signal to the desired signal. This
cross-modulation is caused by the presence of die residual carrier spi1ce in the spectrum of
the desired sipal. N3 represents modulation transferred from the desired signal to the
undesired sipal. Since the undesired silftll's modulation spectrum is assumed to fall
within the passband of the receiver, the transferred Apal is then demodulated alon. with
the desired modulation. This demodulated noise component would not exist if the
undesired signal did not have a residual carrier spi1ce. N4 is similar to N2 and N3 in that
the noise is generated by cross-modulation of the spectrums of desired and undesired
signals. The desimi and undesired modulated signal spectrums could be considered to be
divided into frequency segments df wide. The continuous spectrums would be replaced by
a spectrUm of signal spikes df apart, each carryinl the power in the df portion of the
continuous spectrum. N4 would be the limiting case (as df becomes 0) of the summation
of aU frequency cross-product components, which would faU within df/2 of the
~urementfrequency,L

Consider' an example of a 2400 channel FDM-FM system similar to the one considered in
the previous section. Adjacent channel interference noise has been calculated numerically
for the highest baseband frequency (worst case) usinl receiver filtering shown in Heme 2.
The method used is described in [12]. The digital spectrums S(I) of modulated J'O.wer in a
4 kHz wide slot relative to the unmodulated carrier power was multipbed by 10
log[(fbldf)(dl/4kHz)] to generate the nonnalized interference spectrum Ol(f). Results have
been given for unemphasised FM, FM with CCIR emphasis, and for PM. Results have
been given for PM since this represents the optimum angle modulation system when
evaluated using an external interference rejection criterion. Fiaure 10 shows the emphasis
characteristics of CCIR and FM to PM conversion emphasis curves. The PM results may
be considered the theoretical best results that can,be obtained from an angle modulation
system. The numerical results are displayed in Figures S, 6, 7, and 8. For D == 29.65
MHz and eCIR emphasis, the following unweighted signal to noise (SIN) values were
obrained:

SIN (FM-FM) :I: 47.3 + CII(dB)

SIN (FM-8 PSK) • 27.8 + CII(dB)

SIN (FM-16QAM) • 3O.S + CII(dB)

SIN (FM-64QAM) • 31.1 + CII(dB)

Since tertiary interference is not a (actor for adjacent channel dilital signals, wume that the
80 dB unweighted sipal to noise (SIN) objective (+8.0 dBmCO) tertiary interference 3 hop
objective may be used for the digital adjacent channel interference objective. This equates
to a per hop SIN objective of 85.2 dB.

As noted previously, adjacent channels of a multiline microwave radio system are normally
crosspolarized. The received CII is the combined cross polarization discrimination of the
transmit and receive antennas. If all antennas are assumed to be the same, CII is twice the



ClOSS polarization discrimination of a sinlle IDteDDL Therefore. the followina antenna
ClOSS polarization (XPD) objectives must be met for the following types of adjacent
signals.

'--..J
XPD(FM-FM) • 19 dB

XPD (FM-8PSK) • 29 dB

XPD (FM-I6QAM) • 27 dB

XPD (FM-64QAM) • 27 dB

These values are achievable but require XPD to be 8 to 10 dB better for digital adjacent
channel operation.

ACIUAL EXAMPLE

In 1986 Rockwell International contracted with a major interexcbange carrier to expand an
existing 1000 mile 4 channel multiline 2400 chlMel FDM-FM SYS1em to 8 channels USinl
3 DS-3 64 QAM digilll transmission. The system had 43 serial hops averaginl23.4 miles
each. The system had 8 swilChina sections with 6 the median number of switehin, section
hops. This would increase tertiary noise 6 dB relative to the previous calculations. This
noise, however. is still insignificant To confirm the theoretical calculations. measurements
were made usin, the actual radios to be deployed onto the system. Those results are
displayed in Figure 9. The actual results were in reasonable agreement with the theoretical
results. In actual implementation, the entire system was optimized for the new digital
channels. All antennas had cross polarization reoptimized. An objective of 35 dB was
used for all orientations. When this could note achieved for both polarizations. the
polarizations for diaital into analo, interference were optimized. After converbn' the
system to mixed digital and analog operation. noise in all analol radio basebands was
measured with and without digital sill'als present Without the digital signals. the end to
end noise objectives were mel No inaase in baseband noise occurred at any frequency in
the baseband when the adjacent channel digital signals were added. The noise performance
of the system was, and continues to be, an unqualified success.

CONCLUSION

This paper evaluated the three dominant forms of interference to analo, PM multiline
microwave systems subjected to the spectrum of a typical adjacent channel digital sipal.
Adjacent Channel Interference due to specttum overlap was found to be the dominant
source of noise. Numerical calculations concluded that noise objectives could be met by
increasing antenna Crosspolarization discrimination (XPD) 8 to 10 dB relative to PM noise
requirements. This theoretical result was actually tried in the field on a continuous 1000
mile multiline system. Outstanding results were obWned usin, an antenna XPD objective
of 3S dB. Expansion of 2400 channel analog PM systems has been shown to be
achievable both thecRtica1ly and in practice.

, '-./



APPENDIX: ANALOG TRANSMISSION PERFORMANCE OBJECTIVES:

The followin, lon,-haul reference circuit informatioa is bued on Jansen and Prime [9]
unless otberwtSe noted. The 4000-mile A'IT hypothetical reference circuit is composed of
1SO equal-distaDCe lldio hops. The system consists of'1main stations with IF swirching
and 100 IF repealer stations (SO cascaded IF swircbin, sections with two IF repeaters in
each section). Of the S1main terminals. 17 are muldplex terminals. These are assumed to
be inreroonnected by FM renninals (FM modulator and demoduJaror pair). wiJeline enauce
links. and multiplex (at channel. group. or supergroup level). The multiline switching
section is 1 x N [20].

Wont-case end-UH:ncl circuit noise for the 4000-mile system during periods of nonfaded
ttaDsmission is 41 dBmCO. The noise may increase to S5 dBmCO during fading. after
which the channel will be switched automatically to a proteCtion channel. Single-tone
interference of -68 dBmO (41 dBmCO) is the maximum for any voice circuit in the 4000
mile circuit durinl unfaded ttaDsmission. Under normal conditions. this corresponds to
-87 dBmO per hop (only one-half the hops accumulate the tone). Subjective tests have
shown that, if the noise-to-tone power ratio in a message circuit is constant, the tone is less
discernible when the noise power is increased. The result is that the requirement for those
baseband tones that increase dB for dB with fading is -47 dBmO when the circuit noise is
55 dBmCO (during a 4O-dB fade).

Unfaded end-to-end noise of 41 dBmCO (11,220 pWOp) has been allocated as follows:

a. +31.2 dBmCO for 16 pairs of channel. group, and su~groupmultiplex. If trogling
reduces intermodulation buildup to 10 log n. this equates to a single-pair multiplex
objective of 19.2 dBmCO (74.1 pWOp).

b. +28.0 dBmCO for 16 pairs of wireline ena-ance links. If intermodulation buildup is 10
log n. this equates to a single-pair objective of 16 dBmCO (35.5 pWOp).

c. +29.0 dBmCO for 16 pairs of FM terminals (modulator and demodulator pair). If
intennodulation buildup is 10 log n. this equates to a single-pair objective of 17
dBmCO (44.7 pWOp).

d. +39.9 dBmCO (8710 pWOp) for 150 hops of radio. The radio noise is subdivided as
follows:
1. +28 dBmCO for (same route) cochannel interference. This equates to +6.2

dBmO> (3.7 pWOp) per hop.
2. +26 dBmCO for cochannel (converging route) interference. This equates to +4.2

dBmO> (2.3 pWOp) per hop.
3. +29 dBmCO for intersystem interference. If two exposures per hop are assumed,

this equates to +4.2 dBmCO (2.3 pWOp) per exposure per hop.
e. +28 dBmCO for RF echo distortion. This equates to +6.2 dBmCO (3.7 pWOp) per

hop.
f. +22 dBmCO for IF (interconnect) echo distortion. With 100 IF interconnects. this

equates to +2.0 dBmCO (1.4 pWOp) per IF hop.
g. +25 dBmCO for tertiary interference. For SO IF switch sections. this equates to +8.0

dBmCO (5.6 pWOp) per 3-hop IF section.
h. +38.4 dBmCO to ISO microwave transmitter and receiver pairs. This noise is further

subdivided as follows:
1. +36.9 dBmCO for thermal noise. This equates to +15.1 dBmCO (28.8 pWOp)

per hop (10 log n addition).
2. +33.1 dBmCO for intennodulation noise. This equates to +2.6 dBmCO (1.6

pWOp) per hop. This is based on measured inttasecnon intermociulation addition
of 19101 n yielding an end-to-end intennodulation noise buildup of 14101 n. It
is interesting to note that intennodulation noise of cascaded identical devices has


